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An analysis of experimental heat capacity at T > Tc is presented for series of samples
(R)Ba2Cu3O6+x (with x close to optimal). For all samples the anomaly was discovered which
occurred steadily in the interval 250–290 K (anomaly Th). The anomaly Th looks like a phase
transition anomaly. It was shown that the anomaly Th correlates with superconducting anomaly
Tc, temperatures Th and Tc being connected by the ratio Th ≈ 3Tc. The anomaly Th is interpreted
as the origination of pairing the charge carriers. Anomalies at T ≈ 3Tc were also detected in heat
capacity of low temperature superconductors Hg and Nb3Ge.
INTRODUCTION
At present the study of peculiarities in different prop-
erties of cuprate superconductors (HTSC’s) in a normal
state attracts a special attention. It results from a ten-
dency for understanding a pseudogap phenomenon re-
vealing itself as a lowering the electron density of states
well above the superconducting temperature Tc. The
problem is discussed whether or not both the pseudo-
gap and the superconductivity are the phenomena of the
same origin. It is believed that the solution is of funda-
mental importance for the clarification of high temper-
ature superconductivity mechanism in cuprate systems.
This explains a great number of works in the field (see
references in reviews [1], [2], [3], [4], [5], [6], [7], [8]).
Now it is not clear if the pseudogap line is only
crossover, Ref. [9], [10], or it is accompanied by the hid-
den change of order parameter symmetry, Ref. [11], [12],
[13], [14]. It seems to be actual to investigate the heat
capacity in order to clarify the question about the possi-
ble critical behavior of these objects in the temperature
region of normal state.
In this work we present results of such investigation for
series of 90 K samples (R)Ba2Cu3O6+x (where R means
Y or Gd, Tm, Ho) with x close to the optimal value.
Making use of elaborated before technique for separating
the heat capacity into different contributions, Ref. [15],
we examine experimental data in a wide temperature in-
terval of normal state. An anomaly was discovered which
occurs steadily in the range 250–290 K (Th anomaly). It
was noted that as Tc changes, Th also changes so that the
relation Th ≈ 3Tc takes place [16], [17]. Now we present
additional evidences of such interrelation.
EXPERIMENTAL
The experimental heat capacity Cp(T ) above Tc can
be presented by the following expression [18]:
Cp(T ) = Charm(T ) + γT +A(T − T0)
α + δC(T ).
The term Charm(T ) describes a harmonic lattice part.
The term γT describes a linear electron part and a linear
anharmonic contribution. The term A(T−T0)
α describes
a possible nonlinear in T anharmonic contribution and a
possible contribution of low temperature wing of anomaly
resulted from ordering oxygen [18]. The first three terms
describe regular contributions to the heat capacity. The
term δC(T ) describes the possible localized anomalies.
Subtracting the regular contributions from the experi-
mental heat capacity we obtain the component δC(T ).
Regular contributions are smooth and monotone which
can introduce no localized in temperature peculiarities
when subtracting. They were determined from the ex-
perimental heat capacity as described in [15], [18].
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FIG. 1: The functions C(T )/T and d(C/T )/dT for the com-
pound YBa2Cu3O6.95±0.02 on the interval of superconducting
phase transition.
As an example, the data for YBa2Cu3O6.95 can be con-
sidered. The superconducting phase transition of this
sample takes place at Tc ≈ 92 K (Fig. 1). An anomaly
was observed at ∼ 277 K (anomaly Th, Fig. 2). The tem-
peratures Th and Tc are related by the ratio Th/Tc ≈ 3.
2The anomaly Th looks like a phase transition anomaly.
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FIG. 2: The functions Cp −Charm and d(C/T )/dT ) for the
compound YBa2Cu3O6.95±0.02 in the range 230–290 K.
Another example which gives evidence to such a rela-
tionship between Tc and Th is presented below for two
samples TmBa2Cu3O6.95 and GdBa2Cu3O6.95. These
samples have been synthesized by identical way, and mea-
surements of their heat capacity have been carried out
in the same calorimeter with the same operating con-
ditions. The temperatures of superconducting transi-
tions differ distinctly from each other: Tc = 91.2 K for
TmBa2Cu3O6.95 and Tc = 94.5 K for GdBa2Cu3O6.95
(Fig. 3).
70 80 90 100 110 120
1.35
1.40
1.45
1.50
1.55
C
P/T
 (J
 m
ol
-1
K-
2 )
Temperature (K)
GdBa
2
Cu
3
O
6.95
TmBa
2
Cu
3
O
6.95
TC= 94.5
TC= 91.2
 
 
3.3 K
FIG. 3: The function Cp/T on the interval of superconduct-
ing phase transition for compounds TmBa2Cu3O6.95±0.02 and
GdBa2Cu3O6.95±0.02.
If indeed the temperatures Th and Tc are related by
the ratio Th/Tc ≈ 3, then a peak in heat capacity of
TmBa2Cu3O6.95 can be expected at Th ≈ 274 K and a
peak in heat capacity GdBa2Cu3O6.95 can be expected
at Th ≈ 284 K. To check this prediction the difference
Cdif of their molar heat capacities has been derived in
the range 150–300 K (Fig. 4).
In the obtained difference, all the errors sources of
which are in the experimental technique and sources of
which are caused by a presence of possible off-controllable
impurities are practically excluded. As a background,
only the smooth contribution from a Shottky anomaly
in heat capacity of TmBa2Cu3O6.95 and the characteris-
tic spread remain in this difference. It is seen in Fig. 4
that indeed, on this background, there is a maximum
at ∼ 274 K corresponding to the expected peak Th for
TmBa2Cu3O6.95 and there is a minimum at∼ 285 K, cor-
responding to the expected peak Th for GdBa2Cu3O6.95.
In Fig. 4b the difference Cdif is presented in a large scale.
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FIG. 4: The difference of molar heat capacities of compounds
TmBa2Cu3O6.95±0.02 and GdBa2Cu3O6.95±0.02: a) on the in-
terval 150–300 K, b) the same in a large scale, 262–300 K.
From experiments with the heat capacity of two sam-
ples HoBa2Cu3O6+x we obtained one further example
supported the presence of anomaly at T ≈ 3Tc (anomaly
Th). The sample HoBa2Cu3O6.95 was prepared by the
method of powder-calcination. The high purity reactants
Ba(CO3), Ho2O3 and CuO (99.99, 99.9 and 99.99 % re-
spectively) were mixed in stoichiometric proportions and
ground with an agate mortar and a pestle. The mixture
was two times heated at 1170 K for 12 h. The sample
was finally sintered in oxygen atmosphere at 1230 K for
24 h, and then cooled down to 620 K. After annealing
3at 620 K for 3 h in oxygen atmosphere, the sample was
quenched rapidly to room temperature. The product was
identified by X-ray powder diffraction which provided no
evidence of extra phases other than the phase of intended
orthorhombic structure. The oxygen content was deter-
mined by iodometric titration as corresponding to the
formula HoBa2Cu3O6.95.
The heat capacity Cp(T ) has been measured in the
range 8–300 K. There was observed a characteristic of
the sample: its superconducting anomaly was split into
two peaks, with Tc = 86 K and Tc = 90 K. For extracting
the anomalous component from the heat capacity Cp(T ),
the regular background has been subtracted. As a reg-
ular background, the heat capacity of another sample
HoBa2Cu3O6+x with the oxygen index assumed to be
about 6.5–6.6 was used. This sample was synthesized by
the identical method and differed only by the annealing
regime. The measurement of its heat capacity was carried
out in the same calorimeter and at the same conditions
within the same temperature range. No anomalies were
observed over all temperature range.
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FIG. 5: Anomalies in heat capacity of HoBa2Cu3O6.95 in the
range 50–300 K.
It is obvious that the obtained difference δC(T ) be-
tween heat capacities of the above compounds contains
the possible anomalies in Cp(T ) of HoBa2Cu3O6.95 and
a small difference between their regular electron and
phonon components. It is presented in Fig. 5.
It should be noted that in addition to the split su-
perconducting anomaly, there is the two peak anomaly
in the normal state region (two peaks Th = 257 K and
Th = 269 K), the relation Th/Tc being equal 3 to a good
accuracy for both peaks. It looks as though the super-
conducting phase transition is imaged into other temper-
ature interval. In Fig. 6 the difference δC(T ) is presented
on the interval 200-300 K in a large scale.
In given examples the localized anomaly Th was sepa-
rated using three different ways for subtracting the reg-
ular contributions from the experimental heat capacity.
200 250 300
0
1
2
3
4
5
6
dC
 (
J 
mo
l-
1 
K-
1 )
2.98 Tc
Temperature (K)
dC
 (
J 
mo
l-
1 
K-
1 )
 
  
 
1
2
3
4
x
temperature "echo"
superconducting 
transition
FIG. 6: The difference of molar heat capacities of two com-
pounds HoBa2Cu3O6+x in the range 200–300 K. The lower
curve is the superconducting anomaly shifted to higher tem-
peratures by factor 3 for comparison of the shapes.
Ordinary for 90 K compounds (R)Ba2Cu3O6+x with x
close to the optimal value the anomaly Th is revealed in
the range 250–290 K. As Tc changes, Th also changes so
that the relation Th ≈ 3Tc remains the same.
As a rule, for different samples the amplitude of this
anomaly varies from 0.4 to 3.6 J mol−1K−1 which is 0.15–
1.3 % of total heat capacity. In individual cases the am-
plitude of anomaly Th is comparable to the amplitude of
anomaly Tc. The spread of experimental points in the in-
terval 100–300 K varies from 0.02% up to 0.1% depending
on an amount of a sample and on calorimeter and instal-
lation characteristics for concrete measurements.
Results of heat capacity investigations point out that
the shape and the amplitude of superconducting anomaly
Tc depend substantially on details of synthesis of 90 K
samples, Ref. [19], [20]. We believe that the shape and
the amplitude of anomaly Th also depend substantially
on details of synthesis. Therewith it is possible that they
differ even for the samples with the same x.
DISCUSSION
The anomaly Th in heat capacity looks like a phase
transition anomaly. Its shape, in occasion, resembles the
shape of superconducting anomaly Tc. The above ex-
amples show that the higher is Tc, the higher is Th and
4there exists the relationship between the values Th and
Tc: Th ≈ 3Tc. The anomaly Tc is as though mapped
onto other temperature interval in form of anomaly Th.
This correlation between temperatures Th and Tc points
to a relationship between the Th process and the super-
conductivity. We have called such correlation the ”tem-
perature echo”.
From the above correlation between the anomalies Th
and Tc it might be concluded that Th process like the
Tc process is connected with the changes in electron sub-
system and reflects the onset of superconductivity. The
change of electron density of states δN(EF ) resulted
from Th - anomaly can be estimated by relationship
∆γ = ∆S/Th (δN(EF ) is proportional to ∆γ, here γ is
the coefficient of electron heat capacity, ∆S is the entropy
of anomaly Th). The estimation for HoBa2Cu3O6.95 ex-
hibiting rather high anomaly Th among the series of our
investigated compounds shows that ∆γ is less than 5%
of γ. Such change is difficult to detect directly which
might explain why there are no evidences of anomaly Th
in literature.
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FIG. 7: The coefficient of thermal expansion α(T ) along the
three orthorhombic axes for the single crystal YBa2Cu3O6.95
(Figure from article P. Nagel et. al., Ref. [22]).
The occurrence of some process at T ≈ 3Tc is
supported by the anomalies in some other properties
of superconductors (R)Ba2Cu3O6+x (see for example
Ref. [21], [22]). In the work [21] the step-like anomaly of
ultrasound velocity in superconductors GdBaSrCu3O7−x
(Tc = 82 K) was noted around temperature Tg = 245 K
indicating a pronounced lattice hardening (note that
Tg ≈ 3Tc !). In the work [22] the coefficient of thermal
expansion α(T ) along the three orthorhombic axes was
measured for the single crystal YBa2Cu3O6.95. Along the
axes a and b the anomaly at Tc was observed and also the
anomaly at the temperature Tg = 290 K was observed,
Fig. 7. Note that Tg ≈ 3Tc ! These results indicate that
in a lattice subsystem the same relationship between the
temperatures Tg and Tc occurs.
Taking into account the strong electron - phonon cou-
pling in (R)Ba2Cu3O6+x superconductors (see Ref. [4],
[5], [6], [7]) one can expect that at any change of
electron characteristics, the phonon characteristics in-
evitably change. Thus it looks like the anomalies at Tg
in lattice subsystem and the anomaly at Th in electron
subsystem are of the same nature.
The peculiarities of different properties observed in
temperature interval above Tc are ordinarily put down
to the pseudogap phenomena, see reviews [1], [2], [3], [5],
[7]. This pseudogap ∆d (doped) is the reduced density
of states intrinsic to the energy band structure of HTSCs
and revealing itself as peculiarities of some physical prop-
erties in vicinity of temperature T ∗ in underdoped range.
Now the corresponding line on the phase diagram T ∗(x)
is well known [1], [2], [3], [5], [8]: the values T ∗ are lower-
ing when x is growing. The results of numerous studies
show that crossing this line results in something other
than phase transition and is unrelated to superconduc-
tivity [5], [7].
The coexistence of two phenomena in electron subsys-
tem at Th and Tc leads us to the following assumption.
If Tc is the temperature of origin of superconducting gap
∆c, then Th can be identified with the temperature of
origin of another pseudogap ∆p (pairing) and the Th-
process can be identified with the pairing of charge car-
riers which results in suppression of spectral weight in
the quasiparticle spectrum. This process means the on-
set of superconductivity. On the phase diagram it will
be presented by the line Th ≈ 3Tc(x).
So, one can concede that there exist two different
pseudogaps in the density of states of superconductors
(R)Ba2Cu3O6+x. One is the pseudogap ∆p connected
with the onset of superconductivity and revealed itself in
heat capacity as a phase transition at temperature mul-
tiple of Tc. Another pseudogap, well known one, is the
pseudogap ∆d, appeared in different properties of HTSCs
in vicinity of line T ∗(x) as something other than phase
transition.
The discovered phenomenon (temperature echo) might
represent the thermodynamic evidence of the origination
of superconducting pseudogap ∆p at temperature Th ≈
3Tc(x).
SUPPLEMENT TO DISCUSSION
If the cuprate superconductors with the strong elect-
ron-phonon coupling exhibit the anomaly Th in heat ca-
pacity (temperature echo of superconducting phase tran-
sition) then one can expect that the low temperature
superconductors with strong electron - phonon coupling
5also exhibit the similar Th anomaly in heat capacity.
The high accuracy experimental data on heat capacity
of mercury Hg (Tc ≈ 4.2 K) have been examined [23]. In
Fig. 8 the Debye temperature ΘD(T ) and the derivative
dΘD/dT are presented. Indeed, it occurs that there ex-
ists the anomaly at temperature ∼ 3Tc. The peak value
of anomalous heat capacity amounts up to 2.1% of regu-
lar heat capacity, mean deviation of experimental points
in the range 5–20 K being less then 0.01% (Fig. 9).
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FIG. 8: The Debye temperature ΘD(T ) of mercury (Hg) and
the derivative dΘD/dT (calculated from data Ref. [23]).
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FIG. 9: The anomaly in heat capacity of mercury (Hg) at
temperature ∼ 3Tc (calculated from data Ref. [23]).
Another example is a compound of A15 structure
Nb3Ge. The samples were produced in the following
way. Niobium (Nb) 99.999% pure and germanium (Ge)
99.9999% pure were ground to powder and mixed in the
wanted proportion 75% of Nb and 25% of Ge, and tablets
were pressed from this mix. A tablet was hung in induc-
tion furnace in helium atmosphere and fused. A drop of
fusion fell on a cold base (fast quenching ∼ 104 K/sec).
The heat capacity for two samples (unannealed and an-
nealed at 600–700◦C) was measured. The lattice heat
capacity was approximated by the expression
Clatt(T ) = (A+BT )T
3.
It was subtracted from the experimental heat capacity
and the result of subtracting (the sum of electron heat
capacity and anomalous part (γT + δC)) is presented in
Fig. 10. The superconducting anomaly can be seen at
∼ 6 K and another anomaly at temperature ∼ 3Tc (at
∼18 K) can be seen as well.
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FIG. 10: The sum (γT + δC) of electronic heat capacity and
anomalous part of heat capacity of Nb3Ge.
One can suppose that the anomaly Th in heat capac-
ity of compounds (R)Ba2Cu3O6.95 and the anomaly at
T ≈ 3Tc in heat capacity of above low temperature su-
perconductors are of the same nature. So the discovered
phenomenon might be intrinsic to the superconductors
with strong electron-phonon coupling, and the tempera-
ture echo might appear not only in cuprate superconduc-
tors.
SUMMARY
The anomaly Th in heat capacity of superconductors
(R)Ba2Cu3O6+x with x close to optimal, was discovered
at T > Tc (250–290 K). The anomaly Th looks like a
phase transition anomaly.
The correlation was found between the anomalies Th
and Tc, Th ≈ 3Tc. This correlation was called the phe-
nomenon of temperature ”echo”.
The Th process and the superconducting phase transi-
tion (Tc process) are related to each other: they touch on
both the electron and the phonon subsystem and can be
attributed to superconductivity. The Th process might
be interpreted as the origination of pairing the charge
carriers. The corresponding lowering of electron density
6of states might be identified as the superconducting pseu-
dogap ∆p.
Two low temperature superconductors Hg and Nb3Ge
were shown to exhibit the anomaly in heat capacity at
T ≈ 3Tc. It may be that analogous phenomenon occurs
in other superconductors with strong coupling.
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